^7ll#*| ^2002-0083497 



(19) i:fl^^^^^%nKR) 
(12) ^7fl^^^^(A) 



(51) . Int. CI. 
HOIL 21/3205 



(11) ^7))Bl:5i ^2002-0083497 
(43) 'S-7^<^A 2002idll-i02<y 



(21) 

(22) %%<a^\ 



10-2002-0023056 
2002'd04-^26<a 



(30) ^-a^^'j- 

(71) 

(72) ^"^A 



(74) cfle|oi 



JP-P-2001-00130694 2001\i04^27'a "g-^CP) 
JP-P-2002-00043117 2002\l02^20<a 'a-&(JP) 

7>ul-7>Sl-^ 7>iq-Al.7'lAl ^^l-^l-el-^V^ 7\v\jLt\x\9\ 4^oi] 1-1 

<y ^7\^:[7\^y^7\Si^^\f\ Al u|.?l.«|.Hl.^7>n] Scf^-^H - 1 - l^^l S7>^Al v] 7\o] A^v+o] 

^■&7>U|-7>S)-^7>l4A>7l A}l4?l.«|.2l.^7>nl acf u|.7>4-l - l^^^l 27>-^Al V\ 7\o\ AlrV+o] 
14?>J2.AA1-B-71 

^■&7|-U|-7>S1.^7>S1-A).7l A] v+7>s>B^^7>Dl SCl-Wl-?>4- 1 - l^^l S7V-?.A] 7?] 7\o] /.\x\6\ 
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€(12a) ^11 ^<a^(10) ^-ysl Jl Sl^ m =i^s] 3^^(12a)sl ^-^-^o] ^'^^no)£] ^^^^^S. 
^7] ^W^]7} ^^}^]^ ^^S. ^^jS]^ ^^^-(13)21-, 53^^(13) ^12 =S<?15^-(14, 16)31-, m T^2l 

12a) ^<^^] ^12 ^<ast(14. 16)011 ^'y€ -^CHa) i^(16a)tflo11 v^^^o] ?J#(13)1- ;^fll sfl^ofl 

£ 4 

£. 1(a) iflJ^l £ l(d)fe ^eJlsi cj-f' ^e} t^2:S) £a1^ 'cJr^iE. 

S. 2(a). £ 2(b)fe -g- ^'gS] ;*1]l ^Eflofl aV^^fl ^g-^l 3^ ^]2, fj-'g^ S^]^ ia-^£(;^ll -f^). 

S. 3(a), H 3(b)^ m ^■^] %^<^ ^2.^1 ^^l^l "S"^* £^1^ ia-^£(;*ll2 ^^). 

s. 4(a), £ 4(b)fe -g- ^"gsl ;*8l -a^*'! ^^<^ «^ ^^s] 'S-'a^ ia^H(;*ll3 ■?•«■). 

S. 5^ -g- ^^31 ^Eflofl ^5.^] ;a-^iofl aV^s)^ uj^H^^lo^ Bl-#(underlying-layer) 

£. 8(a). H 8(b)^ ^ ^2 -gAl ^i^ofl ^£^1 ;j|-Als1 aj-i^l- S.^}^ ^^£(;Hll ■¥■$). 

S. 9(a). £ 9(b)^ -gr ^^S] ^A) ^Eflofl h}.:£^] ^^-^ S.A]tl- 'a^£(;Hl2 ^«:). 

£ 10(a). 2. 10(b)fe^ -g- m <§Eflol| :^^]^ 'S-^-i: £a]^ ia^£(;»ll3 ^^). 

2 11(a). £ ll(b)fe ^ ^^2] ;ql2 ^a] ^Eflofl ^£Sfl £a1^V 'a^£(;^fl4 ■^^). 

£. 12(a), £. 12(b)^ -g- ^a] ^Eflofl S>£^ fj-ia-i- S^^l^ 'a:^5.(Xl5 -f^). 

£. 13(a), £. 13(b)fe -g- ^^Si\ ^2 ^a] ^eI|o]| ^JEjil) »|}-^^ £.a1^ ^^H(;fl6 ^*). 

£ 14fe ^ ^Al ^Eflofl tiVisfl ;3-Alofl o;tolAio] ^gj aflAjil- ZL ^fil £^a^ ^Jf^aJ o]'d^ofl S]^ ufl^a 

S. 15fe -g- ^•a^ ^^1 ^EflSl aV£^ ;a-^)ofl 5a«HA-]o^ HljAl cs^o^ ZrN^i%-^ ^ -^-^s}- afl-a ^^S) ^Q-^il*- 5. 

S. 16(a), 5. 16(b)^ -g- ^"321 ;«113 -gA] ^^oj ^^-Alal ^J-'g^ £.a]^ '3^5.(^1 -¥-^). 

£. 17(a), £ 17(b)fe -S- ^-gSl ;H13 ^a] ^Eflog ^iE.j^ ^^s^ ^3, wj-^^ ^a]^ Ta:^H(;^2 ^^). 
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£ 18^ -g- ;^13 -a^l ^Eflofl liVs^ ^^]^ ;^]3i 3EAl^ ia-^£(;Hl3 

£ 19(a). £ 19(b)fe ^'iSl ;«il4 ^Eflofl ^s.^)) ^^js^ ^^^^ s,^]^ ^"^^.i^ ^^). 

E. 20(a). E 20(b)fe -e- ^"^i^ ;*li4 ^ eij^l ^t!^ ^^S^l Ih'g* £aV^ ^^S(;^fl2 ■¥--&). 

1 : ^B|€^7l« 

2 : i;^> 

3 : MOS H^^l^E^ 
4, 7, 8. 10. 14. 16 : 
4a, 4b, 8a : * 
5a. 5b, 9 : B.^^ #elJi 
10a, 10b : afl-a # 

11a : alle)«H 
lib : ?-3l# 

12a, 12b. 21a. 21b : n^e) nflAl 
13 : ;^ll jgf^ 
15 : -^Ble 

17 : «)lHl<H xHll-f' 

18 : 

19 : ^elf' 
20a. 20b : 

30 : ^e^^ *i|oisi) 

31 : ^^Hj- 

32 : ^^B]- 

33 : ZrN5^ 
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39 : ^ll^^l^iiH 
40. 43 : 

41 : 2 ^ # 

42 : 

44a : BflB)<H 
44b : T^elf' 
44s : ^Bl 
45a, 45b : 

46a. 46b : T^B| ufl-?d 
47, 49 : :^]3 
48 : ^4 

al SAi^. tq-el-'^i, ^l^ifl i^Sfil ^-^S Hfl-ii°ll ^StJ] ^o.^*^ <a^SS.n>olzie11ol^(EM)olel- l-e)^ afl-Jd^ 
* ^-^i^ ^, n ^<>fl ^Blf'* "D^sl-^ (damascene inethod)ol ^-g-^sji 

-a-g- # ^ofl -f.^ ^^ysi-o^ Hioi-s}. Bfl>a^ ^Ai^n ^^^s. sa^f. 

-f -Jd. £ l(a)oli al-i4 :a^ol. 71^^^(101)51 -S^^ofl ^^b}-(102)* ^^Jsl-Jl. ^-a^Kio 
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2) ^<=^ m -^^^r 't!-^^(103)4 ^el^ ^^^(107)^ ^^J^i^. ^e)^ ^^5V(io3)32l- ^eja 

sl-(107)* iflEl^Sl-«4 ^(103, 107)ol| ;*fll «fl<d-g- 1^(104)1- ^^^^cf. ;m#SJ)Ai, ^fll aB>id-§- #(104) ^2]- 
^E)^ ^^^(107) 4loJl uflel<H "imf^(105)4 ^B]f.(i06)^ ^''•iiDS. ^-^^«H «ll<d^ #(104)-S- 
«1 ''1l^^^<fl, ^1 T^2l^(l06)4 ^1 «fl2l<H n||%^(l05)-i-^^ 71:41 <aoHCMP)'a<»l| ^''>«V«^ 'gsl^ ^ 
^B^•(107)S^ -^}-^«Hl-*l >I1>1W. 



OH nl-5}, £ i(b)oll SAl^ H]-2l- ^ol, Tfll #(104)ifloim ^2l#(106)* ^e) Hll-a(106a) jo^^i 

>^>-8-t!:cl-. ?il^*ll^i. ^^€r ^^^(.107)^ a]l^(i06a)Sl ztzt^l ^l°fl ^12 -gel^ 'S^e^dOS)^ ^^^tbcV. 

H KcH S.'^m «l-4 ^o], ^2 ^21^ 'tV^Bl-(i08)-i- B!lEl'd*M =?-^ afl-ddOea) ^1<^ bI^V -t-dOS)* 

:i ^, £ l(d)'>)l £Al^ H>fil. :^ol, ialo> *(i09)t||sl- ;*)12 ^e)e -it^^dOB) ^l^fl ^12 Hflel'^ °lll-#(110)^ ^1 
2 ^e|#(lll)* ^^^15- -^-Hl. CMP'S'Hl slsfl ;«fl2 ^el#(lll)2l- ;(fl2 ^b\o] oil^f^dlO)* -S^V^M ^12 ^5)§ 
^^^(108) ^^l<:HflAi ;^ll7i^t::l-. nslJil. ulo]- «-(109)^floil ;^12 T^el^Clll)^ «loKllla)SAi 

o]^^- ^^-^fl n?-2l- ^el ttfl^si Hiovsi «§>a^ ^^^^3.-5*1 i^fl-a ¥^1- 5a?fl 

=L^^. £ l(c)<Hl H>sl. :y-ol. ;«112 ^Bl^ ^^^(108)<>I1 Bl^l- 4(109)* ^^d^^V^. ^ei «H'ti(106a)<^l Bl<^l- 

*(l09)s.-¥-El ii#5)oi <q«- ^7loi| H.elu).7ll jgiil-. 

°H n^-el-. T^el Bfl-a(l06a)ol i'S. -f-^. 'Si^sl'H HloKllla)^^}-^! ^^"fl l-^<il "Q^m -f^7> ja^l-. ^ tflaj o.^ 

Bl<»>-i-(109)* -f-^ll ¥sl Mfl-JdClOea)* >Hl^«l-fe jHel7> ^SflJ^lol sail's}-, al<»V-i-(109)sl ^^sKaspect rat 
io)7l- ?l^]7fl Sl^, ^el Bll>ad06a)sl S.^-t -f'-S-*! >Hl^«F7l7> ^I^Tfl ^c}-. 

^-'SSl all-idoli+ vMS.^^^ A>^5lfe Bfl^ a^o^ AV^_ a.^^ «^vxl^ ^ Si^ ^J-^1 ^ ^12: 

^7]^ 3)-;qlfe ^£.^11 7]JS:^ ^^ofl ^^^^ ^oisl-a!!-, -^7] 1 ^-S-al-vfloIl ^11 Jfl^^, -^-71 ;^fll ^ 

^71 :^^^]7} ^^ol-;^lfe T^'^js)^ i^sV^ ^S.^ sisii «(|;t«c|.. 

^7m 4^1^ 71^21 -s-^ofl ^A^^ ^<^^s^, -^7] ;Hii ^-a^i-ifloi] Bfl^^ ;Hii '^•71 m ^ 

^ BlI^ ^ofl ^>^J51 Jl. ^l^S-fe-. ElHl-^, :S^>cl es^, £^ o]^ ^ o]i^ S^L+Sl ¥^^=|^ ^1 

1 ^-i- ^2.^ S||:g^c|.. 

^7m ^>llfe 71^31 -S-^ofl ^^Bl-* n^iti^^ ^^4. 'S-71 ;<fll ^^B^-tflofl ± ^Aj 

^^S^l.. ^7l ;»fll # 5^ ^7l ;^fll -tiflofl nfl^sl-c^ ^^m^ ^^4, ^7l ;HU ^ 

^s) ^^^oi >a-7l ;Hll ^<&n^ -^J-f-^iLcfi ^i7l ;H^A17]- 2^01-^1^ ^^s. ¥>a=lfe ^11 ^,3** 'a-71 ;qll 341 
€ flfil- ^7l ;»lll ^oi?}- ^ofl ^^j*).^ ^;^* JE.^«Vfe «1-^ ^AlsJ ^2: 'S-'gofl sl«fi Sj|:l^ 

^•%-<^. ^ ^^si\ 3^*o^l cflsflAi 'g'g^ci.. 

■& ^'^ofl 4=.^. 3B€ ^Sl <^^o] ;g<agl- ^o^ <^^a.t:l-£ ^7l ^^*^^t]7l- ^o}^]^ ^^s. ¥^^5]^ 

* ^11 ^^^i^- ^]1 ^ofl ^Ajg^-is. aj)^^ oil^cJl afl-aom- HjoV^lcl-. 
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^1 =i^s1-flojl ^2 ;«fl2 ^il^l-i- iflEl'dSl-<H ^lofl * afe 

«>^, * SE^ ^ <»1-Bj|2l ;*in ^K^. ^<«€r su n 

S^^O.S.-M), o^o,] '^7l^Ai ^c^^^ o^ofl Aiai ofl^Ol 7}^^€^. X^E^-^i. ''V^^H* ol^*>fe 

^a^B]- ^oflAi Aiei;5^ ;«il7ls1-:ii at!: -g-^ ^ofl '^^s. ^cf. 

mi ^Efl) 

-f-a. E 2(a)^ 2.Alja ^2:<fl cJ)«llA^ ^^^^c^-. 

p^Sl 7)^(1) ^ofl^ 4i;^> <g^^ ^S]^^ ±7.} ^<^^(2)o] %^i^o] ojcf. =L ± 

^> "^^"^fe- MOS H^^liEi(3)7> ^Ajsjol Xit:l-.M0SS^;^liiiEl(3)fe^sl^ 71^(1) ^ofl ?\]o]^ ^<^^(3a)-^ 
•i-sfl Tll^lS €^(3b)4. Tflols ^^(3b)2l -g:^ ^Ble 7l^(l)ifl«^ t§A^^ LDD ^2:2] ^2 

1- ^^^-(30, 3d)^ Si^. 

Tflole ^=-(3b)Sl ^^"iflfe^ :goj>a ^^(3e)<il ^^gslol 511=1-. 

^oll^MOS S.^^l=iiEl(3)« SfeSiOz^ «'1^<^^ ^fll =^"51^(4)01 ^a^£)<H Sicf. 
^93sl-(4) ^. ^^f^(3c)3l- X|2 ^'lV#(3d) ^ofl^ z^z^ ^(4a)4 ^12 

m ^ ^12 -gSjE ^(4a, 4b) vfloflfe H^Aj *elzt{5a)i^- ^2 l-e1zi(5b)7> v^^^o] jlcj-. 

^ ^12 S.^-^ #BlZl(5a. 5b)fe z^^zj- ^^Ej^Bl-j^ o]^ ?J-J1 Sic}-. 

>fll ^^m4) ^lofl^ X|2 #5izi(5b)oll ^^J^fe 'S-f-Dl^o.s. oi.f.<H^ m % BH-aC?)**! ^>y£l«H sa 

cf. S£«-, •t'^ €'a^(4)2f m %■ n^O) S\0 2, BPSG. PSG s>\4s o1^<H^ ;Hl2 ^ 

•a^Ks)©! ^A^sjol sucf. ;H12 #^ ^"35^(8) A\\ S.^^^ l-e]^(5a) ^ofl^ ^Sje .^(8a)ol ^-^^sjoi. :a ^ofl 

^12 ^^EK8)2l- ^113 E^^a »e1^(9)^ ^ 350 nmSl SiO 2^ <='1^'H^ ^13 ^S^e^-do) o.s. go^ Si 
cf. zzelui, ;»fl3 ^^^(10)011^ Hfl-«d #(10a)2f A2 sfl^ ^(lOb)^] %^^5)«^ SA^^. 

^(lOa)^ =L 'a^7> ;M13 #e1a(9)ofl ^a^lfe Sli^. ufl-Si l-(lOa) ^ofl^ Itl", ^ 

^^=1^ ^2 HH-a #(10b)m«>il^ Bll^(12a)i|- #^2:* ;il)2 =^i\ m>a(12b)ol «§^J 
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m ^ ^12 ^el «fl^(12a. 12b) ^<^] ^^^]S.3.^(ZrN)3.S. <^1^<^^ ^^#(13)* ^^jtb^t. ^^^1=2^^ 

-& tilHe1-?l:ic1oll^ol-Dli:.;^]aai^(Zr{N(C2H5 )2 }4 : TDEAZ)* ©l-g-?!- CVD-S ^le^iE. ^31. ^i^lEl. ■§- 

ZrN 59^(13)^ 0 mniLcf aJl 20 nm "^l^l-Sl ^7^]s. %^is\c>] 9X^, m ^l2 «li'a(12a. 12b)* T^-^^«1-fe «!! 

ii>|^#(lla)2l- ^slf'dlb)''!! <^^<^^i^ Bl;^*^l(resistivity)7> 300 u Q • cm '>]^S\ 7^:^^ 

*(13a)ol SiOzS. o]^o]^ ^-=1^^(10)011 ^^^}^ <^^<^^i^ 7> ^« |i Q • cm ©1^ 5E^ 

u Q • cm ui:^^f^{13b)'^l a m-8-<^l tflsflA^^ 

4^ofl. S. 3(a)<i H^l^ v}9\- ^o], ^- 350 nmS] SiO 2^ <^1^^^ ^fl4 ^^^-(14)^31- 50 ^ 

e)3. ;S5|-s]-(i5)2l- s}--^^^) 300 mS] SiO 2^ <^1^<=>1^ ^15 ^<a^(16)* CVD^°fl s^sfl ZrN 5g#(13) ^"ll ^ 
Aicfls. ^^^^Vcf. J£, -Male ^^e^-(i5) cfl^o)! ^-^71] 20 nm o]^Sl\ ^^^jea^EV* A>-g-sH£ #c^-. 

Tjl^cflAi, £ 3(b)o11 BVsq. ^o], ;^fl5 f.:^ ^<aBl-(16)* 3^E^ ^ ^ 0.^4*) , ^B] Bfl-JdC 12a)ofl ^•¥■71- 

^13 Hfl^ *(16a)-i- ^-^^^l-jl. ■f-'^loll ^12 ^e] Hll>«d(12b)ofl ^^7> ^^Ife ;Hl4 a])^ ^(16b)* ^^^t!-i^. att. 
^4 ^^mi4)*- BllEl'd^^S4*|. ;*fl3 «fl-a #(16a)2f >i|l =?-^ ^^a2z)^] ^^Ife -^-Ir^fl ^1 *(14 
a)-i- ^'••H :^4 «B-id ^(16b)3f ;»i|2 t^b] Bfl'5a(12b)ol ^^Ife ^^ofl >ll2 Hlo>^(i4b)*- ^^^^t:}-. 

;*f|l ^ ;«fl2 a1o> ^(14a. 14b)S1 m ^ ^4 ^(16a. 16b)Sl 'g'l^ <Hi= ^^l ^^el-S #al, >fl 

3 « ;^14 afl-a ^(16a, 16b)* ^-^^^ nflofl ^elS- ^^^(15)^ ofl^ i^iS3il%(etching stopper layer) O-S-^i 7]^ 
Stb, ^11 5J ^12 *(l4a, 14b)* ^-^^Sl-^ ^-f ZrN ^S^(.l3)-8: 7l^t!rCf. 

ois-s] Blo>^(i4a, I4b)^ ^1 »fl^(12a, 12b) ^^^51. ZrN 39^(13)31 :^;^*f'(13a)* 

4*<^, S 4(a)<^ £Al^ H><4 :g-ol, ^ ;ql2 Hlo]- ^(14a. 14b)3l- ;«fl3 ^ ^^14 afl^^ ^(16a. 16b)2^ vfl^ 
^4 x-]^. ^ ;^15 ^°^s]-(i6)Sl ^^-^ ^<ifl Bflel<H p11^#(17)* 5~10 mS] ^^i^^. allel<H 

17)* ^>a£lal. oimrfl ^*(Ta). ^^^*(TaN) o]* ^ <Hi^ ^M, 

TiN)^S.^A^€cl-. 

a^, allel<H pil^^d?) ^ofl ^e) Al£.f^(i8)* isiE^'^oil $]n 30-100 nmSl ^-^^^l-cl-. 

^■%-<^, ^sfl S^^-^ ^el'i^dg)* Als.f^(i8) ^ofl ^^^S>J1, <>H1 ttl-5}- ^13 ^ ;fll4 aflAl ^(i6a. 16b) 
^ 41 ^ ^12 HloV -S-(14a. 14b)* Bfl^^cf. o^7l/i. Als.f^(l8)* ^2^#(19)2l "a-¥-7> 

«>1 ^oll. 3£ 4(b)o1| HAl^ w>s4. :y-ol. ;Hl5 ^^^(16)^1 ^^o^ tg^j^ ^B|^(19) Bfle^o^ p|]^^(i7)^ cM 
P^<»11 sisfl ;*il7lt!:c}. oloJl itl-ej- wl^]- *(14a, 14b)sl zj-z^-sl ^ofl ^ip-s^^dg)^ a1^^(i8). 

afl^l'H "fl^f-d?)* ;*8l ^ >1|2 al«>K20a. 20b)S.Al A].^«l-ai, s.^, 7^3 ^ ;^4 nfl^ ^(16a, 16b)5l ^^s] 
"^■Br ^2l*(19). aflBlol '41^^(17)* m ^ ;«(I4 Hfl'a(21a. 21b)^SAi aV^^c]-. 

^3 ^Hl Mll'a(21a)-8: ^1 Hl«>K20a)^ ^^-(13)* -f-^ 4l "f-^ all^(12a)«>I| ^71216.^. a^. ;*il4 ^ 

el BB>id(2ib)'gr 42 aloK20b)sl- ^#(13)* -i-sil :»I12 ?^e| BflA4(i2b)«ill ^7l^ 0.5. 

a^. ^3 ^ ;*I|4 ^el Bll-a(21a. 21b)2l- ;<fl5 f'?}- ^^e]-(i6) -'^7]^ ^#(13)4 ^-^^ ol^ol;^! ^ 

20 nm ^]2 5a#(£Als)^l ^*)* ^a^^ :f ofl, >a-7m ^^"ll t^-e^- ^A'^n. "11^ ^ «1<»V 
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m ^ ^2 «l*K20a. 20b)fe 2^^^ ^ 20 mn o]^^ ZrN 5gf'(13)Sl ;^l:^^f.(i3a)^ :f.«|| ;*fli ^ ^ 
2 Hl]Ai(i2a. I2h)<^ ^1 ^-f. ZrN ^Jf-dS)^ SiO 2^ ^^^(10) ^ofl^lfe 

:a;q^f^(13b)«*l s]7l nfl^oj), ;i|]3 ufl'5i(21a)3f ^^{21b)^] ZrN ^af-dS)^ ^^^^ ^-f^ 

^7]:^ ^^:*l7> «l-#(underlying layer) ;<BS.<i[| ^ofl cflSflAi, o]t}6fi -^^ti^z:^. 

S 5o)l SAl^a :y-ol, ^51^ ^flolsjOO) ^o]] -^^1 100 nmS) SiO 2S. o]^o];^ ^<?i^(31)4 ^^1 50 mS\ 
^^E)^(TiN)^S. ol^ol^ ^^B^(32)^ ^^icflS. a^^^m32)^ JflEl^^Sl-o^ ^o1b^-(31)^ <^^^ 

lut-^Mcl-. <^l<H^i, ^<a^(31)4 ^#5]-(32) ^ofl CVD'a<^ ^3?-;^lSS*(ZrN)^(33)-ar ^^^^Y-^^. €^^1 
Sa*^(33)^ CVD^-^ 3]n ^^^7] TDEAZSf "y-S-MoVCNHa )« ol-g-^l-^I. 2.^. ^S^^lSS^^l- 

(33)^1 ^J^J-AlSl ^^^^ ^flolsi](30)Sl 3801CS -S^*!-^!^. 

^-8: 3^^<^ S^n ^^j5l^ZrNBl-(33)2l s^- -^tIH SiO 2 ^^^(31) ^1^] ss%-s}-(33)oi 

•H-a]-(33)a1 hI^^-]^:*!^ ^^7> 20 mnoH^ife ^ 3300 u O- cm7> S\JL, ^^7} q= 18.7 nm oIsHa^^ 

^^17|- tH^^H, ^^7} 17.8 nm<>l|-«-i^ 10000 n Q- cm7} sjji Sic}-, a, ^'as^-(31)^^'H. ^^'tt^^el^-Bi^. ^el^ 

£ 6, £ 7«>11 n^-S.^, ^^^1=S^^(33)€- €<?i^(31) ^loflAi 20 nm olSj-s] ^Tfls. ^^^^ ^ al^^^^l?} 7^ 

^ u O- cm ^-a^l-o] ^cf. ol^oJl cfl^M, ^^el-(32) ^^^1 =S^^C33)-ar ^ ^ ^^1 20 nm ^1 

Sl-e1-5£ al;*i^Al7> 300 u O- cm S-^eJ-o] ^gc^.. 



a. ?,|*(13).$-S.Ai, 3.3-^ tfl^loll ^a^^^l = EjEl-^. ^1 ^^S", El 

E}^ ^^1", *> = ^ ^^1- 5]-^ oil^xifl 0 nmHi:^ aJl 20 nm ^]t}s] ^v\]s. ^^i^'^S. 

^^#(13)* ^^^^Vfe -i-^^ iJiBjE] PVD^oj) o^«i) ^-f ^Ife, ^ 1-^^ ^^^^ ^"11 <^^tfl 400TC ^ 

o]y4^^o,s.^ ^3 ^o5B}-(io) ^fil ^^<>{l SlSfl ;*(13 =a<?i5^-(io) ^oflA^ n aV^b^ 
^71 ^7}^■]7]^ ti>^3jsl-r^-. S^, BllAl(i2a, 12b) ^loll'^l ?3#(13)^ T^^^^l-fe a].^# 

^^ei »8-xlSll 1- ^^7> sa^^, 5a#(13)^ m. ^12 ul)A^(^e^ 12a, 12b)^ ^^s)- ^^sj-sj-fe ^o] «> 



^lii^l. -ael^ ^ofl 100 nmal ^b^^ 'tV^^S!)- ^7^] 10 nmSl ^g^:^] ^^^icflS. ^^^^ ^<H1, 

EflSe1-?licqol|^o>nli:,ElfJ-(TDEAT)^ 'a-S-M'^KNI^ )♦ o)-§-Sl-<^ ^flolsl ^£ 350"C<^Ai CVD'aofl sisfl ^^E^ 
^(TiN)^* ^d\] 50 nmSl ^t^S. ^^j^"^^. =l^JL, b]:^^^^ 20O u 

Q- cm7> s\JL, ^^^]E.3.^n ^ Jl^^n^ ^S] TiNs}-(#^5l-)^ al^i«J-^s)xl ^ 0^4. 

(^2 ^A] ^Efl) 

^11 ^^1 ^HfloHAlfe, ^el BllAi(12a. 12b)2f ;«fl3 f'?}- ^-aBl-do) ^dfl ZrN, Zr. Hf -f-Sl ^#(13)^ Si 
«l)'Jd(12a, 12b)3!f 5a#(13)o1 ^^iBlofl ^^^5at%j7 ^cj-^. sgf^ds) o.s«.El T^e] ^±7} >fl3, ^ 
4 #^ ^'351(10. 14)0.3. ^AV^ -f 3l7> Si^l-. 
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13011 Si<H'^i. S. 2 vflyi] £ 4Sf ^<a^ ^S.^ Arts H-El-iflal Sliuj-. 

■f -a, £ 8(a)o11 SAl^a ^2:4 "fl^'WSl ^Jg^ 'S'g^cl-. 

p^2i 71^^(1) ^-f- 4i^> <3^*i-2i^^ i'Sf'(2)* ^^^^^<»fl. B. 

MOS :Eia^lrtE|(3)» ^-^ :3i^> ^^oll ^^^t!-4. 

71:^(1) ^ofl MOS S.^^1>^EK3)«- SiO 2S. ol^-H^ ^'^^(4)* ^^^^ ^0)1. # 

^ ^^B]-(4) ^, -i-^^ ^-il-f'(3c)2)- ;»fl2 l-^l- ^^+#(3(1) ^ofl z^^]- ^(43)2)- ^12 €r 

Sje ^(4b)-g- 'i'S^cl.. =LS^JL, m ^ ^2 e^iS *(4a. 4b)vfloJl »ll 1-Slzi(5a)iq- ^2 «si:i(5 

b)« "fl^ti-cl-. m ^ ^2 S^^y »Blzi(5a, 5b)fe ^^eI^b^-s). ^>i^qI-S1 o]^ ^ji* ^Jjl jjicl-. 

^]#«fl'»-i, ^1 ^^^(4) ^0)1 ;*fl2 #e1ii(5b)oll ^^S)^ •ar-f-nl^o.s. ol^<H^ m %■ aB^(7)* ^ 

^^tbi^. f't!- ^'as^-(4)3). %. ufl^(7) ^ofl ;^fl2 f^:?]- ^<a5^(8)* ^-^^t!:!^. SEtlr, ^2 ^'^ms) 

■f- m «-e1n(5a) ^ofl ■i-(8a)^ ^-*^«>:il. ^ ^^^^^^ ^^^^^^ :^3i% ^3 

n ^Efls., ;^12 'f'?> ^<aB]-(8)3l. ;^]3 S.^^^ #e1aL(9) ^ofl e]^ 300 nmSl SiO 2S. ol^^l^ ^]]3 

0)^ CVD'S'^fl a^. ^3 ^-a^dO) ^«>D ^^'^J =fiM3iif'(40)^S.Ai ^ 50 nmSl ^ 

Jfl^Sfl'H. ^1 i^S.Jt|#(40) 2ll>^lrfiS(39)* S.i5l-Ji, o]^^ ^'S-«l-<=i ^13 *e1zi(9)Sl 
afl-a 7ll^Y(39a, 39b)* ^^A^^. 

n^efl. £ 8(b). £ 9ia)'=^ u><4 :y-ol. 5il;^liE(39)^ n>i3S. A>^«>^ oJl^ofl 3|sfl, i£3l#(40) ^ 

^13 ^<ae|(io)<:.D ;«fl2 Hfl-id ^(lOa. lOb)^ ^^^^<4. ^(IGa)-ar ^ 'y-?-7> ;^13 ^^-^^ 1-elzi 

(9) ?i-Jl Slt:1-. H, S. 9(a)oll £^1^ «>sl- ^ol, 7fl^-^7l- ^^^^ i:Ssl^(40)* '>:ii3 

S A>-g-s1-o1 m ^"a^dO)* ofl^^^^*^ m. ^12 all'id -i-dOa. 10b)# ^^^«}-o^2. 

c1"§-<^, £ 9(b)oj| H>21. la-o], ^ ^2 «fl^ ^dOa. 10b)S) zl-z^^l Ml^^ ^ ^ ^^fll >i£3fl#(40) 

si flofl ^^^-^dla)^ ^b]o] Dll»#(lla)^ >b5lEj^<H) ^^ ^^^^JL, ojl^ldl Ta. Ta 

N ol* ^ oli^ TiNO.S. ^^^cf. 

SE^, ulle1<H tHl*#(lla) ^"11 a1s.*(iis)^ >ialEl^ofl 30-100 nmSj ^^S. ^^^^cf. 

£ 10(a)oll a>sl. :g-ol, ::p.H^^(iib)^ ^gj] s^i^ofl o]sj| ^e) Al^^dis) ^ofl ^l"^ 

m ^ ^12 Hfl^ *(10a, lOb)^ "B^^i^. a. ^e) Als.^(iis)^: ^elf^dib)-^ i^-s]?!] Jficf. 

fl ^ofl. £ 10(b)o11 :Ea1^ u>sj. :gol. ;H]3 ^-=1^(10)S1 ^^ofl ^A^^ ^Bl#(llb). n^o] "ll^^dla)* 
CMP^ofl 31«J1 ;Hl7l^4. o^7lAl iiiS.3^5]-(40)^ CMP iiiS.sil7> ^nf. olofl nj-e}-, ^ :^]2 ufl^ ^(lOa, 10b) 
^ofl "^-Br ?-Bl^(llb), m Bfl2l<H ^^fl^^dla)* m ^ ;*l|2 ^el uJl'«i(12a. 12h)^S.^-] a>^^c^. 

ol^2). :a-ol %.$] BB-ti(12a. 12b)^ ^^^^ ^ofl. £ ll(a)ofl ^o]^ d:,E.^^A(40) ^S}^ ^1 

1 S >fl2 BB^id2a. 12b) ^^^l = S¥(ZrN)o.S. oj^o^^ ^3^(13)^ ^^j^cf. o] ?5#(13)^ 
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ZrN^S. o]^o]^ 53^(13)^ ^EfloflAi H>sq. ^o], o nniJi4 3.2L 20 ran ol«l-S) ^^S. ^^^s\ 

5a<H. ^fll ^ ^12 Bfl^(12a, 12b)^ ^^^*>^ flBBl«H '^l*#(lla)2^ ^^%-(im^ h] 
^^^l7V 300 u Q • cm <ilS^?l ^^^*(13a)ol S\JL. SiO 2^ <^1^<^^ ^13 ^^s^^(10)«il ^^sl-^ ^^<Hl 
«1^-^^17> -T^^ U Q • cm o]^ JE^ ^ov n n • cm ol>y-o] ui;^^f'(13b)ol ^t^. 

cf^^. i ii(b)°11 5.^1^ ^01, ^51 ^^ «o'-^l 7l^# ^<^^^s] ?^#(4i)* 5g#(i3) 

>fl2 ^^-(41)^3.^^, ^S}fl-it(SiC). ^^^4i(SiN) 0]^-%: Hllolis. ^ ^olf-. -a-S^lJr^fl-rtCSi 
CO), ^s}^^5^^fi(SiON) o]^^ Ujol^iS. ^ ^oj^ =^ 1-21-S:°> '^7) 7]^ ^J^(PE-CVD)'a«^ 20- 
100 nmsl -f-^^l^ ^'^J^c}-. 

^12 53^^(41)* T^^^^l-fe ol* ^"S^fil ^^^-a- ^^^S] PE-CVD ^5^11- >^>-8-«H -a^l^ 

(1)* ^^^ifl-i A]:^^ *0^a- -l-sflAi 7l-i:l- :£'as1-Jl, B|] iHl^l-(pedestal)<^ 7]% 350*C~ 
400'CS. ^^«>t^, 7)^01] tfl^S}^ ^^oil 3^^] 300-600 WS. ^s^^ 13.56 MHz^l 51^3^ ^"^^1:^. 

7>>i« ^7>?l:i:l-. 

^A^^ o>^7V;^lS. PE-CVD^°fl sl^fl ^d^J-sV^l'?]:. ^S. 7>>iS.Ai^ 

SiH4 . SizHel-sl ain^^Tll 7>i« A>^^>;^la}-. ^7] 7>^* A>.g.«>o^ ^aj^ ojcl-. ^^i ^^^^^.^i 

=LS^ ^-Br 3i:^^S. ;tll2 ?J*(41)^ ^^Jtl" ^. S. 12(a)o|l Sa]^ uj-i^ ^o], b]- ^^^1 600 SiO 2^ "l^'H^ ^1 
4 ^^^(42)4 ^ -f-^D 50 nmS) ^S^-^el^o.^. ol^ol;^ :^]2 ^^.511^(43)^ CVD^ofl S]^ ia#(41) ^ 
°11 ^Aicfls. ^^^tVcf. 



cf^ofl. £ 12(b)o)l Hl-sq. :y-ol, >il2 :diS.iHf^(43). ;M]4 ^"3^(42) % ^12 ^^^-(41)* i^l E] ^ ^ o.^>M| 

^1 5g#(13)fil JH^^f'(13a)-i- i^t-Al^lfe ^2 »M *(41a, 41b)* ^2 >iS.3Hf'(43), ^4 ^^^(4 
2) ^ ;'fl2 5gf^(41)<^ ^^^«1-J1. ;^1, ;^12 «]<>> *(41a, 41b)°1| z^-^l- ^^^Ife ;*ll3. ;^l4 i^ll^ ■i-(42a. 42b)* ^l2 =ii 
S.sif'(43). ;*il4 ^^s}-(42)ol| ^^y^T^.. >|13. ;*i]4 afl-^i ^(42a. 42b)-g: ^l2 ii:S.5)f'(43) ^ 350 



;*ill, ;'fl2 l-(41a. 4lb)al XI3. ;<1|4 nfl-Jd ^(42a. 42b)fil <Hi^ ^^el-3E ^s. z^■z^■ c]-^ ^ 

^. ^11 ^EflS!}. ^A].^ ^^oflAi ^]2 Bio). l.(41a. 41b)4 ^^3, «fl^ l^(42a, 42b)* ^^^S)-<^£ 
ofl^ iSSl#* ;«1|4 f-?} ^°!^ofl ^ofl cflSflA-l^ ol^l-o^ ^A] ^EfloflAi ^fl^sl-o^s ^c).. 

cl-*<>fl. £ 13(a)oJl 3E.Al^ aj-sf ^o], ^ ;()l2 ajo} *(41a. 41b)^ ^14 ^(42a, 42b)sl z^z^S^ vfl^ 

^ ^ ?J ;»112 iS.3^f'(43)^ ^lofl «fle]t>) i>ill-#(44a)* ^^^t^c}-. aflelH i>fl^#(44a)^ >i3iiEl^ofl 
«il ^^ysl Jl. <fl^cfl Ta. TaN o]:!. aj^B}- o^i^ s^uf, TiN^S. ^-y^cf. 

SEI!-. ^^f^(44a) ^ol] Als.f^(44s)* 30-100 ranSl ^^flS. 

^%<^. T^el#(44b)* ^i«fl S^^ofl SJSII T^el Al=f^(44s) ^"fl ^^^s^-:!!. 421- ^13 S ^4 l^(42a, 4 
2b)^ ;*1)1 S ^12 «loV*(41a. 41b)* "fl'S^cf. T^e) >^l^f^(44s)'S- ^el#(44b)2)- ^^7)- ^c)-. 
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H 13(b)«^ ^-^i^ ^^7}^]^ ^"S^^. 

^2 iS5)#(43)^ 91^} rfiSB)^ :42 ^S.^%^U3)S] -^^oijA^ ^e1^(44b). ^M'^ 'fl^f'(44a)^ CMP^ 
ofl sl«il ^7]^t[. oH i^Bj.. 7)11 ^ ;«fl2 -^(413. 41b) z^-z^sl ^ofl 'd"^ ^s1-S'(44b). allel<H tfl^f^(44a)^ 
^fll ^ ;»fl2 «l<^l-(45a, 45b)S.Ai A>^sl-Jl. H^, ;Hl3 ^ afl-Jd l^(42a. 42b) "d"^ ?-e|#(4.4b). 

<H »i]^f'(44a)^ ;«113 ^ >I14 Hfl^{46a. 46b)^^Ai >^l-8-^i^. 

m «ll^(21a)-a: wl<^K20a)24 ^gf-ClS)^ ^11 «ll^(12a)<Hl ^7)2^ o.^ ^#€^-. >ll4 ^ 
3] «ll^(2ib)^ ;^12 HloH20b)fil- ^1 ?,i#(l3)* -i-*!! ;^12 ^e) aH'a(i2b)<Hl ^7]^^s. 

y^l^gflA^, ;H13 ^ ^14 ^5] «ll^(46a. 46b)4 ;*i]2 ^£b1#(43) ^fll ^^^(13)2)- ^-^^ ^flS-S ©l-f-ol^ ;<fl3 

^^#(47)3^ ^2 5a#(43)4 ^<a^ ^^n^s. oi^<h^ ^#(48)* ^^itfl^ ^^j^>'^. 

«1^<^ 51«|) ^S.^ Siol'^i^. ZrNo.s ol^c^;^ ;^3 fQ%-a3. 47) ^ =f-^ Hll^(12a. 12b. 46a. 

46b)oI| ^^^^ol ^^^Sl ^1. :^2 iiiSsif'(40. 43)«>11 31^^#<>1 



>^ll. ;^12 «fl^(i2a, 12b)5q- >lll ^^*(13)ol 7>^o11 fi1«il ^el^ 5g#(l3)^s.-¥-El 

^'51^(42)^5. ^>a-€ -fsl7> sai^. ziem-. ^ ^EfloflA-lfe. ZrNSl ^^U ^^^(13) ^^fl ^7>S ^-i}- 
•S-^l-g- ^^'l^S] ^2 5g^(41)* c-i ^>3«1-^7l i^^ol). ;<|]2 sll'?d(12a. 12b)^S.-¥-El ^4 ^^s^-(4 
2)-2.S2l ^eJS] ^^^a^l ;^]2 ^3#(41)oll Sl«fl ^^5>7l) «oi-:^ls)7ll ^cf. S^. ;«fll. >ll2 >iSDi#(40. 43)-g- 



^^ci], £ ll(a)<>ll «>sl. :y-o] ZrN^S. ol^c^^ 53^(13)^ »M^(l2z. 12b) ^"fl ^^^^V ^s] 7} 

21*11 T^2l Bfl-td(i2a, i2b)Sl ^^i^oi o^^Tfl ^^tb :£ 14011 :eai^ ^-ir^SX 



£ 14S1 m ^^%-(13)-^ ^^m^] ^Bl ull.«|i(12a. 12b)i "H^^^^l 'S-EfloflAisl aIs 

^1^^ <H^'^t}: AlE ^^«j.o^ ^i-ol^ M-El-ifl:il $X^. £ 1421 -^^^ n 2.5 nin2l ^fll ^J#(13)o1 ^ 
^S1<H SU^^el Hll^(12a, 12b)°fl cflSfl^l ^^^«^^1 ^EfloilAis^ ^1 e ^jq. ^ ^ ^21 aIh ^i^sl 
^Bl-xfljl sacf. SE^. £ 14S) dfl>«a^ B}- 5.0 ninSi ^#(13)ol ^^5l<H Xlfe ^ej Bll^(12a. 12 

b)^ cfltSfl^i. ^I'd^Sl-^l ^■a-^^ofl'HSl A]E ;^^3!). Ol^^^^2l AlE ;q^oJ ^l-ol^f. l^El-vflul Sl^l-. 



£ 15(a) ^^1 :£ 15(c)fe ZrN ?5#(13)4 ^=1 «ll-id(12a, 12b)^ uflAlsl x^*J-j!l- ZrN ^^#(13)21 ^1- ^^Hl 

21-21 :a-7il» 2:Al.^ ^iif^ i+El-iflji SX^. 3L, S. 15(a) vfl^l S. 15(c)2l zl-zl-ofl o;t<H>^i, ^^^1 ^-Sr ^^ofl^l 
^El ^AffflS. 8 im(.0). 4 /ffli(D), 2 miO). 1 tfD(x ), 0.54 m( + ). 0.27 /mi(A)21 Bfl^^^ M-Bl-vflji SX^. 

S. 15(a)^ ZrN ?jf'(13)* ^^m^] ^fe ^-f^l ull'a(12a. 12b)2l ^1^:^121- ¥^ 3l'aS2l :a-;^l* q-E^ifljl 
5a^. 5E. 15(b)^ ^^11 2 nmSl ZrN ^S^dS)* ?Bl Hfl^(12a. 12b) fl^fl ^^j^ uJ)a^21 :*1^:*12|. if 

^ 51 -91^21 ^E^iflJl Sicf. 5E 15(c)fe s}- ^^7)1 4 nm2l ZrN ^^-(13)* B||>a(12a. 12b) ^"fl ^^^^ 

^-f 21 75 B]i>a2i ^f^^]si\^ ^^ 3^<a!s2i ^7ii# q-ei-ufl:;! sac}.. 

S. 15(a) ifl^l S. 15(c)«>l| n?-s^. ^ ^^ofl tfl^ ZrN Sl#^^* iLo]^! ^SStc)-. 
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^1 = ^^1-. ^^1- ^o\:=L svi+sl #^2^ ^-8-«l-«>!£ ole^^^ ^fls<^) tfl«l)'^ife 

o] t:VSl ^ A) ^ Efl ofl £. D>^7>;^1 
(^13 ^>^]^^) 

£ 16 vfl;^] E. 18^ •& ^^SH ^3 -iAl ^Sfloj ^2^;*)) :^x]S>\ ti^i Ea]^ ia:^£oliq.. a. £ 16 ifl;^l S. 18 

«i sd'H^i. H 8 ifl^i H 133^ ^<gtb YJife *«a^ v^Ei-ifljii sacf. 

-f^, ^12 €^1 £ 8 ^^1 E lOofl ^5g<H) nl-el-^els 7l:^(l)ofl MOS m^^l^iElO)* ^^^^Vji. # 

=a<a^H4. 8. 10). ;*ill >;S3i1f^(40)^ «ll^(7)-i- ^^^sFjI. 5.^^^ l-elzi(5a. 5b. 9)-i- ^'^^Sf^. ^1 

1. ;*I12 «ll'a(12a. 12b)* ^^^ttcf. 

ZL S. 16(a)ofl S.^M «>s+ ^o]. ^1. ^2 ^B) «I|^(12a. 12h)^ ^1 =fiS3t]#(40) ^«^| ZrNo.S ol^cH;^! 
>lll ?l#(13)* ^^^^14. ^11 ?J#(13)21 ^^^iflfe ;*fll. ;*I12 -^^1 ^^oflA^ «>s|. 20 nm ol*>S. tt'gsl 

4-S-'>ll, £ 16(b)oj| ^11 ^5#(13)* ofl^^o.s.**], ;*|13 ^°le]-(io) ^c^^] ^ 

^u. ^12 «))'a(i2a. 12b) ^ofl "d-^i^. ^fif ^-a- -a^} <^M^ ^-^^ S^^^S. ^n^r^. 



(13a))3|- sf]^ ^^^(:ii:*l^#(13b))«^Aife. s]- ^3E7> 37fl ^S.^. ^. ZrN#«>fl 5a«H'«'i. ^91^ 

^ ^ "BS^ 5.0-5.5 g/cnfolJl. ^^^^"^ ^ 6.0-6.5 g/ai°]^. o]6\] n^E)-, z^-^ ofl^^floll 3]^ ZrNf^Sl <>fl 



ZrNS) 53 nm/min^cl-. neflAi, £ i6(a)<Hl E^l^ n}si\. :g-ol, ;^]2 H)i-^4(12a. 12b)sl- ^1 

3 ^"^sKlO) ^ofl B}- 40 timSl ZrN^S. ol^<H^ ;gf.(i3).fl. ^a^^ .^ofl, .^5. 1 wt%fi1 = ^ 

^i^* ^11 5g#(13)<^ 45^^ 2. 16(b)<^ i3}si\- :^o] ^fli, ^e) ull'5d(12a. 12b) ^<H1^ 

^ll ^J#(13)# 10 nmS) ^^^IS. y-^a SX"^. 



ZrN <^^-8- ^^1^ «ll^l^(bathc type)oHS. ^^-^=1 (sheet-fed type)oHS. ^^1^. ^'U^i '3:^1 ^ofl 
^1 ^*(13)-g- <^^^7] ^n^^^ *flol5jii oifl^ ol^gVfe ^o] «>^3|*|.t:l.. 

ol'S-^ ^o] ^11 ^^#(13)-i- -id*? ofl^^ ^<^1. S. 17(a)ol| S.'^l€ ^°]. ^ ^'fl 600 nmSj SiO 2^ ol-¥-<^^ ^1 
4 ^<aB^(42)3l. B}- 50 na^ ^2 it£=)€'(43)-i- CVD'a'fl ;«1)1 ^#(13) ^ iiiS.s)#(40) ^l")! 

i^-S-'Kl. iE. 17(b)ofl H>s|. ^o], ;H12 ii:S.s)#(43). ;»fl4 ^'3^(42)* sflEi^^o.^-wi ;qll ^g^ClS)* 

i^#>^l7lfe ;^]1, ;«fl2 «lo> ■S-(41a. 41b)* ^]2 ^S.^%-(43), ^4 #^ ^<^^(42) ^ ;*il2 5a^(41)cfl ^-^^Sl-^l, ^ 
7)-^ ;*fl2 »]<>]■ *(41a. 41b)<'11 zl-^t <a-f-7l- m. ^4 aB-Sl l^(42a. 42b)-i- ^]2 ^iS.^%-(.43), ^^4 

^<gB^-(42)ofl ^A^tVi^. e>lol| nj-s^-, ^\c>\ .fr(41a. 41b)-i: -f-*!! ^fll ?3*(13)ol 

cl-§-«^. £ 180I1 ^2:1. nfl^'f^lS) 
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^12 ^Efls). ^}^7}7]s., ^1 »]o\ ■i-(41a. 41b)3F ^ m ^(42a, 42b)S) z}-z)-s; vfl^^Jsf ^ 

^. ^ ^12 :iS3i1#(43)2l ^ofl «fle1o1 iHl^f'(44a)-i- nill-f'(44a) ^l")] ^1 = ^ 

(S^lS);^! S^^)* 30-100 nniSl -¥-^1^ ^^^^cf. 

Bfl&lol ^l^#(44a)-g- i3J]E-ligo11 ^^^SIjI, «^mc}| Ta. TaN oll- .^f'^ ^ oii^«r"4. TiN^S. ^ 
a^, ^ei iiSlEl^oll 30-100 nmfil -^-^^S. ^^^€^1-. 

^el#(44b)^ ^Sfl 5£.^^<»fl ^el ^1^^ ^<>ll ^^^SVol. ol^il u[^. m ^ ;^1l4 afl^ #(42a. 42b) 
2}- ;^ai 5J ^12 ajoV *(41a. 41b)^ "H^^cl-. 2.. Al^f^^ ^2l^(44b)3l- <a^l7> 

at!-. ^12 i£3i]f^(43)* "a^V Sl-o^ ;H]2 iS3lf^(43)Sl ^^'>il-«.i^a1f^(44b), «flel<H ^)^f'(44a)* C 

MP-a-Hl s^gfl ;qi7lt!-^-. «>1'^ ^fll ^ ^fl2Sl Hlo>^(4ia, 41b) zl-z^sl ^ofl ^o, ^s1#(44b), «lie)o1 
44a)* 1J :*112 «]oK45a. 45b)SAi '^f-i-SVal. H^. ^13 ^ ^]4 afl^ l^(42a. 42b) ^^^sl ^ofl ^b1^(4 
4b). «lle|<H ifl%#(44a)* m ^ ^4 ^e) B|l^(46a, 46b)o.S.Ai a>^^c1-. 

;^13 ^Bl «ll^(21a)'ar ;^11 wloH20a)al- ^^#(13)* -f-Sfl ;H]1 ^e] al)^i(12a)of| ^7]^ o.^ ^^^^f. £t}-. ^ 
Bl Bl)'5d(21b)'& ^2 Hl<>K20b)^ ^^^(13)* ^SIl ;«1|2 Hll'a(12b)ol| ^7lal^S. ^^^cf. 

o] ^<H1. ;*il3 ^ :^4 ttll^(46a, 46b)4 ^2 ^^S.^%-U3) ^ll ^^%-{13)^ ^'^^ 

^(49)*- ^S'a^'^. ^ ^1 ^#(13)3f >I12 5g#(49)* ^^ '>I|^«H ^3 ^ ;*fl4 ^el «ll>a(46a, 4 

6b) 

ol^^l- ^^6^ 9]^ ^^1<H1 T^e] «fl^(12a, 12b, 46a. 47b) ^<H1 '^T^^ ZrN ^^#(13, 

45)^: ^el ^-^iUa. 12b. 46a. 47b)sl 'S'^mi^. 

at}-, ^13 ^9^^ ^ofl ZrN ^I7l5)7l nflS-ofl, ZrN ^ ^^^o^l cfl^ ^cfl^o] glol^i:^.. :^o^ 

ZrN ^f'-g- ^^^20m ^^S. ^^Al^l ^-y^l ^^7] n^<=^ ^ e^- :^o]7} c^^^m. >a 

(^4 ^Efl) 

^13 ^EfloflAife. ZrNSl ^^%-o] ^<a^^2l ^af-AS-^-El ^^^1^5. A7]£[:r Sl^m, «fl^2l ^eisf f^%-sH 
::i2fl'^1. >n2 ^Efliq. ^o], ^s] afl^i ^olj .^7^^ ZrN#* ^i9l^^ S-g-o.S.M|, uJl>i o.s.^El f^^V 



-ti, ^2 ^^21 £ 8 ifl^l E lOofl SAl^ :^;:goil ofef ^e)^ 7l:^(l)o|l MOS B.^^]^m3m ^-^j*>i, 
^^^(4, 8, 10), ^ms^#* ^^JSl-al. Bl]^(7)* ^^^sVn^. #e1:i(5a. 5b, 9)» ^aj^^jt, ;h11, A 

2 Hll'ii(12a. 12b)* ^-^i^^. =L ^ofl. E 16(a)ofl S-A)^ h>s}- :a-«>l. ^1, ;*il2 aB^(12a. 12b):2^ ;^ll i 
S2lf^(40) ^ofl ZrN^S. ol^<H^ Afli 33^(13)^ ^Aj^cf. igf^(i3)fi1 b^- ^vfl^ 20 nm ^^S];^! ^ 
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iq-^<fl. £ 19(a)<>l| ^ol. m ^^#(13)^ ^^b}-(io) ^oIlAi ^7]^^ ^ 

AH. ^12 ?-Bl afl-id(12a. 12b) ^^fl ^^c^. 5a€'(13)S) -"dej ofl^^ ;^13 ^Sflofl ^.a]^ wj-i^ojl o^«j) 

Til^SflA-l. 3E. 19(b)o11 SAl^a y><4 ^o], ^A]- aj-^i 7]-^ ^j-^ ^<?!A3<^ ;«i(2 ?d#(4i)^ ^jl ?1#(13) ^-^fl) ^ 
A^^cl-. ;^12 ^f'(41)^S.A-1, SiC, SiN-i- Bilol^^S ^ JEfe. SiCO. SiON^ ull^l^iS t!^ ^^f^* PE-CVD 

Slafl 20-100 mnS] -^-^flS. ^^^^4. ;^|2 ^-^^(41)^ ;«fl2 ^a] ^^<^^.^ »^^c^ ttj-e^- ^A^^cf. 

SE^. £ 20(a)o11 £.Al^ M>sq. ^o], gOO nm^l SiO 2^ ''l^'H^ ^l4 ^^^(42)4 ^ 50 nmSl ;Hl 

2 iii£5|f^(43)* CVD^oil SISII ;^12 ^^#(41) ^Aicfls. ^aj^cj.. 

n :f ofl. £. 20(b)<^ £Al^ H>sq- ^o], >:SSl#(43), ^14 f^:?}- ^<?1^(42) ^ ;*ll2 5a#(41)* 

m 5gf^(13)* iit-A]?)^ ;(fl2 »]o} *(41a, 41b)^ ;Hl2 ^S.aif'(43). ^'&^U2) % 

l)^ ^A^^l-jT ^7].s. 7112 vi\o} -S-(41a. 41b)<fl z^zl" ^^Ife >I13. ;»ll4 afl^ #(42a. 42b)-i- ^2 i!iS.al#(43). 

^4 ^^^(42)«^i ^-y^ci-. 

t:f-i-ofl. 5. 21011 nfl=7|-^lSl ^"3^^. 

^12 ^A] ^Efls). pV^7MS. ;Hll ^ ;*i]2 Hlo]- #(41a. 41b)4 m ^ ^]4 BflAl ^(42a. 42b) ifl^^al- x-j^l^ 

^ :*112 ^£S|f'(43)Sl flofl ^b]<^ i^^#(44a)-i- ^g^^cj-. v^^o] iill%f'(44a)^ SlSfl ^a^S)::!. 

^?itfl Ta. TaN ^-S- ^^b^- o^i^ TiN^.^. ^a^^t^. 

;Nl#«llAi, AiJt|El»acfl B}- 30-100 nmal a1s.^(ea1£|^1 ^^)^ aflelo^ Dll^#(44a) ^1<:fl ^A^^cf. 

T^e1#(44b)^ ^«fl 5.^^-^ ^ej ^ofl ^Ajs].j7, olofl u}.e^-, ^ ;^fl4 afl-ii ^(42a. 42b)^ ^H] 

1 ^ ^2 al<»>^(41a. 41b)* "ll^'&cf. a. ^el AlH.f'^ ^el^(44b)2l- <a^sil7> ^li)-. 

^12 ^£3)^(43)^ o4d> >i£3i]s. Afl2 >i£s]#(43)Sl ^^cHjA^ ^e)f.(44b), ^s]<^ 0)1^^(443)^ C 
MP^ofl o]ofl i^el-, ;Hll ^ ulo>^(4ia, 41b) ^ofl ^-B: T^el#(44b). allel<H o|l*^(4 

4a)* >lll S ^12 HloK45a. 45b)S.Ai Aj-^s^ji, ;^3 ^ ;^]4 #(42a. 42b) z^-z^-Sl ^ofl 1^0. ^3)^(44 
b). «flBlo1 '^]^#(44a)*- m 91 ^14 t^bI Hll^(46a. 46b) o.s.Ai Aj-^^c).. 

^3 ^ El Bll^(21a)'S- ;^1 «]fK20a)fil- ;^1 ^^-(13)* -f-SB ;^1 -^^Bl «ll'a(12a)<Kl ^7]^o.S. ^#^c)-. S£^. 
4 ^el «flA}(21b)-8- ;*112 BloK20b)sl- >lll ^^(13)-g- -f-^ X|2 t^bI Mll-«d(12b)o|| ^7]^ 0.3. :g^^c^. 

^^«BAi, ;^3 S X|4 ^Bl Bfl^(46a. 46b) ^Si^ ^2 >iS.3fi#(43) ^ofl ZrN ^S. ol^«H;51 XI3 59^^(47)* ^aj^ 
c^. SE^. ;*l|3 ^#(47)* ofl^Sl-al ^3 ^ :*1|4 Bfl4d(46a. 46b) ^ofl^ ^#^1+. 

nelJl. ;»113 ^^-(47) ^li^- 42 :t£S|#(43) ^l^fl ^2 53^^(41)5^- ^<a^ ^flS-S. ol^<H^ ^4 5gf'(48)-i: <§aj^ 



a^. ^o] ^<^n, T^el Bfl-id ^ Hl»>2l ^A^^ S>4«-^*i. ^2 ^^^(8) ^<^fe cff^ ^2: 

<»]W ^-a- Sl«i) ^Aj^ avs^i ^^H Si<MAi, ^e] «fl^(12a. 12b. 46a. 46b) ^^"H '^T^^ ZrN ?J^(13. 

47)^ ^El ^AV «J-^l-§- ^^i^llS. ol^ol^ cf-1- ^J#(40, 48) ^<^^]7] nfl^ofl. ZrN ?5#(13. 47)* -^sfl ^el 
Bl]>Jd(12a. 12b, 46a. 46b)^S.^El ^s\7} ^9^^o_s. ^^^^ ^o] SE^ 2rN ?j#(13. 47)* ^ 

^ ^-a^ ^oflAi -id^^ Sa^l nJl^ofl, ^^^7} 20 nmJicl- ^^t-lBl-S ^el HH-d^l"* "Ss^Sl-fe "a*^] 
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^71 1> ^^1 ^d^^* SiOiS. ^^^i}jL sx^ ^^-^^^ ^<d7^s.s. ^>^^*H£ #4. iii^Vfil 

i^-S: HS.>*fl^, 2fe PE-CVD'Sol £iE c1-^>^^ ^^M^ 

SI ^■S-«fl« ^^«fl(hoUow body)* ^^^^7] ^n^^, 400X: ^£^1 ^sl^ll- ^AS. ^c}.. 

#, AlS.^^ ^A^Sl-:;! oJ^^lnV, CVD^^fl 31*11 ^-^^MS <AM^ ^^E^l}* HflE^ol DiJ^S-Ai CVD^«>fl S\ 

*fl ^^oflfe. ^-§- 7>>^SAi TDEATSf ^2.i-1o>» <^l-§-^i^. ^e) CVD^"11 ^A^s^e.^;^ 

^^1 A1H.#S1 A^;g. 7].>.s.Aife. <41^cfl Cu(hfac)TMVSl- ^.S-S- -^V^ltt^-. 



a. ^71^ ^^1 ^Efl<^^ife-. ^vflfii- uflAi ^ifloj) ^Aion ufle^oi ,^^3). ^Ei» Di|^*>fe s^eVfe 

^ "ii^^^oii "B-a =L Bii^a ^'fl'fl ^fli-Tii «iiBioi "11^4 "ii^svfe ^^h-a-i- «^l■8-s^<=»^ 

s #1^. ^■?-<^£., Sfe ^el Mfl-a ^l^s-H-, ElEl-^. Bl-H^. ^^^1 ss^. SE^ oil- <H:!^ «1- 



(■¥■71 1) ^S.^ 7]^S] A^^ofl ^A^^ 

^71 ^^Sl-vflofl Dfl^^ j4|^31-, 

^71 7^1 ^Sf ^7l ^oll ^A^s]ji^ £^ ^V7l ^11 B}]^o^ ^a-^o] ^7] ^o^u^o^ ^ 

■¥-^Ji4£ ^71 ^^^]7\ ^o}^]^ ^:^S. ^^^^ m ^f-i- ^^^S. ^£.^1 ^^1. 

(^7) 2) ^7) Afll jgf^^ ^7l ElE}-^. = ^^^ISS^^. SEfe 0]* ^ «Hi^ ^W^l 

(^7l 3) ^>7l m 5}- ■¥■^^m 20 run ol«l-oi ^^o_s. «>fe -?-7] 1 -^71 2<^] 7)7^^^ aVS^l ^J-^l 

(■¥-71 4) «>S.^1 7l:^Sl >8-#ofl ^A^^ ;ao4Bl-3)., 
^7l ;«fll ^^e}-vfloJ| Bfl^^ Xli sB^a)-. 

^71 ^^^Slol. S.^ ^ISS-H-. ElE^^. Sj-H^, ^^;^1 s^:^. 0]= ^ o^i^ Sj-v+o^ ^^§5. 

(■¥■71 5) ^71 ;*lll 5gf. ^ofl ^Aj^ ;^)2 ^-a^l^sl-. 

^71 ;*lll 31)1^ iH^il-H 'S-71 ;*112 ^^^«^ fi^i^ afe 
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^ n-1 i^«>^ ^^^S. ^71 1 tflj^l ^71 4 ^ <^i^ 7178^ 

(■¥■71 6) ^7l m 3fl€4 -8-7l 3g# A>o]o|)fe aHelol ofl^^ol ^>^5|<H j^fe -^^^S. ■¥■71 5<>ll 
7]7^1ii: 

(■¥■71 7) ^71 afls^ol Dfl^^^ Ji-g.:^ €^1-^ ^^^^ *Vfe ■¥•71 6^ 7]^^ ^£^1 ^J-^1. 

(¥-71 8) ^7] ;5lll ''Jf'* Hal >a-7l ;^ll ?J#2l-^ cl-^ 4S.S.^^ =f-s] 1>M-8- ^-il^llS. ol^ol^ 

* c-1 i^«>fe o-s. sVfe -¥-71 1 vfl^i ^7] 7^0]^ s>q-oll 7l7ilt!- ^£^1 ^J-^1. 

(-¥-71 9) ^>7l ^112 It^fl-iJi ^ a11ol>;S. ^ J£fe -a-^^^fl-^ ^ 'tV^^^fl-it* u)lo]>i 

f!- ^<a#?l ei-fe -¥-71 8«H1 7]7^iiy ^£^1 ^^1. 

(^7l 10) >S-7l m -g-^ n^Sr ^21 3<8€<?1 O-S. ¥-71 1 -¥-71 9 <Hi^ ^FM-ofl 717(1^}: SPS-Sfl 

^J-^1. 

(^7l 11) SiS.^ 7^31 ^#o|| TJll ^^af. 
-^-71 m ^^^vflofl Tfll ^ ;»I|1 ^^a^l-fe ^^3)., 

^7l # £^ ^7l Till :&vflofl ^el# ufl^Sj-oj >lll ^^j^V^ ^^4. 

^1-71 7fll ifl€Sl^-¥-^ol ^71 ;HU ^«ael-2l ■g-¥-^iLi:l-£ ^7) ^iej-^l7> 3l-o>^m ^^^Elfe ^gf^l: 

-^}-7l ;*fll j41€ ^15+ 'S-71 ;^ll Bl- ^ofl '^A^sl-fe :g-^^ i^eVfe ^-^ ^^^S. «Vi^l ^^isl t^^Si 

^. 

(■¥■71 12) ^71 Till ^gf'* ^71 ^ISS^. ElHl-^. §>H*. ^g^^^l SS^. ^fe ol-fr ^li^ *>q-2l 

^^1-^ ^^1-^^ -¥-71 llofl 71^5^ ^5.^1 ^^121 Tils 

(^71 13) ^1-71 Till 53#* ^7] l-^a^ 20 nm «>l«>sl ^^S. ^^^S. SVfe -¥-71 11 ^ 

71 12<^1 7lTflt!: ^5.*11 ^^ISl Til2: MJ-^. 

(¥-71 14) >S-7l Tin 5g#^ ^^q-^ :f Ol^^^l-fe Sl-fe ^71 11 ^7] ^7] 13 Oli^ 7l7fl 

* ^£.^1 ^^jSl Til2: «S-^. 

(¥-71 15) ^71 Till ^^^^ ^oi), >a-7l Till fi^sH- ^7] Jfl^Sl ^^^» -^^^S. Sl-^ ^7l 

11 vfl^l ^7l 13 ^ oli^ sl-vl-oi) 7lTllt1: ^£.^ ^^ISl 

(^71 16) °>:ilH« O]-^^^ <aSiol ^7l Till 53^^^ ^7] Till ^<Sel- ^oflA^ Tfl 7l «!■ Jl >a-7l Tfll =^ ^ 

^ ^7l^ Dl i^S>fe ^^6.5. ^7l 11 tJl^l -¥-71 15 ^ 7lT)l^ StS.^1 ^^ISl Til^i 

(¥-71 17) ^7) Till ^oil ;H)2 ^^5V^ 

^7l Til2 ^-a^- ^ 'a-71 tOi 3fl)^Sl -a^^ofl t02 ^ :^12 ^■■S- 

^71 Til2 ^ £^ Tj|2 -^Vfloil ^el» Dfl^^O.S.-M| ^71 Till 9^%-^ l^Sfl ^71 Till Sfl^ofl ^7l^ O.S. ^ #5} ^ 

^2 i>li€# -^^^ c-l ^-i- ^^^s. «l-fe ■¥■71 11 ifl^l ■¥-71 16 ^ «m°ll 7iTfl^ 
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S>fe -¥-71 17 <^ ^£.«fl ^^121 ^1^ 'S-'S. 

(•¥-7) 19) ^7] Bflelo] jl-g-:g ^^^S. -¥-7] 16<^ 7l;<ll^ ^^IS} >g- 

'a. 

(^71 20) ^7] Xll sg^sl-fe cf^- ^b; ^aV »8-;^1-8- ^«3l;«l)S ol-¥-<H^ ^2 ^7] Till ^lofl 

^'S-i- ci ^* ^^^S. -¥-71 11 ifl^^l ^¥-71 19 01^=1 7l;»Jl^ ^E.*fl ^AIS] 

(^7i 21) ^7] ;Hi2 ^^fl-^ ^ ^^T?-4i* BfloiiiiS. ^ ^-a*. £^ -a-^^^fl-it ^ -a-^^^fl-^i* 

^ ^^If^^ ^S-^J^I-^ ^-i- ^^S^S. ^7] 20^ 7]7^tt ^^]^ 

(■¥■71 22) ^71 ?■]]! 4€S1 ^^iS: 3ll€Sl ^* ^^'-^5. ■¥■7] 11 l^^] ^7] 21 <H *>l4 

ofl 7l7ll^ ^£^1 ^*1S1 



<*1^ 7l#ti- Ml-Sf ^<*1 ^'S^ <4S^. ^21^ ^^^<*1 ^-¥-^iLCl-3E ^71 ^■1%^17> ^o}^]^ ^^S. 

m ^1 ^S-a^^l. ;H|1 Bfl^ ^lofl ^^J«l-£^ ^St7l nflS-oll. ;*fll ^o^^ ^oj| ^a^^ 

sflEl^Sl-ol ;qll rifl^ ^ofl ^ £^ M.^ m 54)^^ ^1 Sl«i| iLsHlJl, ^11 

^■f-il7l uH^ofl ;^2 -g-^ i^^Bl- ;»Hl ifl^sl ^ji^ ^ sac^. 



a^, ^1 ^S%-§r m ^'^^ ^lofl'^^ ^•^■¥-7> 5)71 i^^-ofl ;^1 5g^sl ^^^-^ ^^JQ-^^ ^'gsl ^ih^<H| 
♦ ^ Sl7l nfl^-^. 4^3* AV^sV^l ^JL^i ^^ ofl^o)! olsjl sg^^ ^oju^ ^oflA^ 

at!:. ^<H1 ^21 ^-LV ««J-^l-g- ^-a^flS ol^<H^ ^112 5a#^ ^^jS>5.^ «>S7l nfl^-ofl. ^fll ifl^ol ^el* 

(57) il^^l 'fjVl 
1. 

7l:^Sl >a^^ofl ^^^^ ;Hll ^^^4. 
^71 m ^^Hl-iflofl nfl^^ ;*lll B||^3l.. 

^7] m^^^^ ^71 >lli ^<dn >S-7l 3fl€fil ^■¥-€-«>l ^7} =g^^2i ^ 

^71 7;\^m m ^^^^ ^-i: ^^^s ^£sn ^g-^i. 

2. 

^ll^oll 5a<H^1, ^7l ;Hll ^7] 1-^^ ^1 ElE^^. :a^;^l aa-fe-. £^ ol» ^ oli^ 

Sl-v+fil Sl-^l-ol ^-i^ ^fe HVa^ ^J^Al. 

3. 
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4. 

tiVSAll 7138:31 -S-^ofl ^^J^ ^«=i5l-jB)., 

ft 

5. 

Sta^l 7)^21 ^^ofl ^<aei-^ ^^«>^ "S-^^. 

^7l ^fll sifl^Sl ^^^o] ^7] ^<^^^ ^7] ^-i^^l?} ^l-oMfe ^^^slfe m 

^. 

^le^ofl 5a<H^i ^'•7] ^^J^fe ^1-71 1-^^ ^iss^, n^^. ns.^, ^g^^i es^, se^ oil- oii^ 

8. 

>^16^ SEfe ;*il7-g-o)l Si'H'^i. -^^-7] ^g^* ^^y^Vfe ^7] 20 nm <^]t}$] ^^^^ ^-i- ^^^S. 

9. 

^T^^ 10. 
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